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(54) SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the 

electrostatic capacitance of a capacitor and to reduce 

the leakage current of the capacitor. 

SOLUTION: The capacitor having an equivalent 

thickness of <3.0 nm is constituted by laminating an 

interface film 21 which has a physical thickness of >2.5 
V nm and suppresses tunnel leakage currents and a high 
' dielectric film 22 composed of tantalum pentaoxide upon 

lower electrodes 19 and 20 composed of polycrystalline 

silicon films having roughened surfaces. The interface 

film 21 is composed of, for example, an AI203 film, a film 

of a mixture of: AI203 and Si02; ZiSi04, HfSi04, Y203, 

and Si02; or La203 and Si02, or a nitride film formed by 

a LPCVD method. Consequently, the capacitor shows a 

sufficient capacitance and a low leak current even when 

the capacitor is refined. 
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( a ) (::;^-t-ii 9 Tfc #^B^0H5:®gft: > /i^BISrfl^^ 

M 2 \z7jk Lfz:^mx^^i^mm\B]^mm^-^f^^^o 

2. 9 nra<7:)A I 203^: S i OgCOfl-g^ffi/i^b^c^S^ 
SJK2 1 <b 8 nmCO^mt^y^^^mfi^ibti:^^ry<>' 
^t;iJ:oT. 2. 5 nmC0«S[^I?Sr*-**5^^^<>'^ 
^mf$,X^tZo 6 nmC0S®?^t3^>'-^y^HI^fflv^fc» 

3. 1 nm<7)#ffij^2 l;0^j^^gT^fcofCo Z(Dm^ 
t>2. 5 nm<7:>ift»]K/i:«:*i-5=^^^<v^^4rff^fi£T'# 
fco lll2(a){Cfl. A\ zO^tS i 02<^tBi^!l^<Dm 

i: 7 5 OX:<7>g?fl::^*£iMft<7?y-iJ^®»ft{7^U'- hfBSCl 

/5I18 nm,^ L?to m2 (b)/)>^ V—i^mMi: 1 f A)^. 
T{::«]©J1-^fci6lw|i, fc<b;i>^i:a!!)A I aOai: s i O 
2<50il-g^^Sr2. 7 nmU±mm^?)tSf,m>»y^Zt^^^ 

^dioTO. 2nmit;tT2. 9 n mT*?ofc, 
giiaffi(7)JS<KHlA 1 (CH3)3£XmZA I (CH3)2 

c 1 xhmzmm^mfi>intio *fc. s i oHetis i 
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<mwm4 >*ii^Mr-{i. H f s i o^/i^htn^^m 

0±(3, /S^S«afifeiwJ:oTH f S i O^irJf^^-r 
^CT'li/^f+t LTH f C I 4<!: S i oHgirHo 

m-t^tcMz^^^m^j^^mit^^^^^i^mmtH f s i 04 
fcffii^Hf s i o^\t. }j —^mm)itim<otLisb^Z'^^w^j: 

L. Ifc^m*;^^^ 1 1 i:M\^'tiisb. m 1 (b)lC7F-rj: 9 
i^T-S*£affi(wJ;or3. 4nmfl^J5S:L, 8 nm60 

f C I 4J^^(Ct,H f F ^^Jit*(D^^u^>it^x^^th{^ 

mm-^mx-^^o s i H4f^s i oHbT**., ^ 

\ #^^yCo J^l^fi: LTZ r C I 4?^: <if 00 

^J>.y^t2^:yitm^m\^^X. Z r S i 04^#®^2 1 
iwffiV^T*>j:i\ wCOt t Z r S i 04(^lt^«^{i 
9. 5T-mi?;65 3. Znm(Dt^\Z^^^<i^^^nmm 
^2. 0 nmST'aEflg^fkWJfg-efcoTto {a2(a)(C. H 

f s i 04m. z r s i o^m(nmmmmt 1 5 orco 

tw. 132 (bXCfiH f S i 04flg, Z r S i O4flecoii 

Sl^/St 7 5 ot:<30^ft:sj\^af^(7)y— (yu — 
f AJeiT^w^^u$^J■r'5/ci^)C^i, fe<b;5^ca6H f s i 04 

ZrSi04^5r3. 4nm. 3. 3nmi^±^tL 
^nit«[-rS^^S;5^fe^- t;i)S;b75^-5o Hf S i 

04^. z r s i o^m\t. ^lt*a^-C*/^<Tt;. H f 

O2-S i 02(7)ig'g^t@^. Z r O2-S i 02<5C>ig^ 

i-^o *fc, YgOat S i O2<30rg'&ta, LaoOa 
is i 0 2<?:)?ii"^tSSr»ffiK2 1 ii L-CiSfflLTt^t 

J?fiH f S i 04^, Z r S i 0 4^<tI^^T^*>o7te 
<*4SCT5 >*3IJS0iJ-e{i. L PCVDffidctoTffM 



•b»^2 nmCOiEH60^^S^^LTl^5. BI 6 ^> ( a ) fiO^ 
9. 2 e V(ZM,e>4x5t:"-^H. #l£0%xy =3>'^^(/) 

01. 1 fiV{^mz^hk\.^y^—^\t. sitN(3o*g-g^ 

t--^. oS«9. Si 3N4l«<7^^^«ftS^^i-o S i 
3N4J8<7)^'g'fc''->:^;55s i SS<^S'^e— ^ J: ^9 

s i 3N4aco,?g-&e— ^(Oi|£:f^i:^i;)S:^#^,^60T^ 

^^i"o UlStw, ^^OOXP S^-<^ O 1 s 

co>y =IV^^l:^lcol^TK9S4»-e8 0 ot:. 55)-(/)S! 
i«#n^ssrtTofcig^^igi 6 ( a ) (ommzwm\z^^ 

-fo 10 1. 7 e Vfi-ffil::^?3n/hS i 3N4^60*S^ 
t^-i5^;55?^xir, 10 3. 2 e Vf+5£(c:^#;itf-^;js 

LBmLTho :itb(t, '>y =ivSft:^;6SK!fb:$nTS?gft 

ai^wu^-fi 10 3. 7 e VT'^5cO-e, t*5e<^J!IfifJ 

hhjEm\Lm\z^'&\i^m:X^^z,tt^f^t^^. —:ff. 

nniy^>^ (S i H2C I o) ^r>-t:=ir (NH3) 
SriS^lSfti-SLPC VDfetCioTe 5 Ot:T-2. 5 n 

mcommxmiSLLtii^') ^>mi\Lm(o^m'^mi^^i:m 

6 (b)(cp]^{w.^-ro Sfl::KM</:»s i 3N4K<so^^tit 

fli^^-^10 1. 7 e Vf^'fitCM.e5n5b°-^;55;^t 

\\ m^^{tmfimwi^h,x\^^z,ti)^^f)^h, 

<, mm\:\^i>i^^^.^:Ltf)^-^f)^^o (Il2(a)(z(i. l 

pcvDffiicj:5v-y :^>mtm(ommmw-t 7 5 or 
2 (b){ciiL PC VDffi{wJ:^->y ^:^'&\tmcommm 

(OmW-\tSnmXihi>. m2 (h) fi^h — i^mM\ti^ 
S?ft:«!!Smo#ffiB|l5:(^0, 3nmli;tT3. 1 n mX' 
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*) o fco zirHtmmti^Ji^^^ ^ L P C V D J: -5 -> y 

*!iaia« t L p c V Dffitz J: o Tfl^^ snfc •> y = >g 

{t:^4rfl?figLfc^mSrl^B#icirtL7t„ LPCVDffitcJ: 

*iS$'iCV^#r'"«'>^'<75»W)K»«3. OnmT-*>ofc 
ii, 7 0 0'C<DffiS-e2. 7 nmJcarffllfti-5wi:;J5*p 

•t-5<7?li8 0 0'C6iJ;rofSiMSS:AD;tfc»-&-C*j5, ' 

itm^iK^, ^ztiTTikLx^^i, 05(b) i-imiiSimmM 

tyi^— hflSIci VEpJaWwy — i'SolEt^sa^Sr^L 

fco LPCVD)*trj:orfl^sK$4xfc->y ^^-^fk^S: 

mm Litm^. m^mmLtzm't. i s o-ct^jiT i f 
AWTwy — i'SMicfflisij-e^-s, 7 5 o"Croi8i*aasr 

/to :i<7?<!:#<75^AD^jgEi: y — i'^gftwK^,^lll7tZn^ 
v\ 3. 1 nm<D'>y =v^<kJ®«:fl?jSLfe# 

X. ^\''<>^$'<Dm^mm^2. 7 nmt-r^Zt/i'^X' 

if«7>ffi:SfSjtjSji, sj&^'WJ^stLT. ^itmiw-fimw 

^J'^ttzJS^'ft-rsraS'b^CSo LPCVDft/i 

commii^^^mx'h^tzisb. mm{±<r)±xhmii\xh 

5, v'y 3 >'S[<l2®ro?i^fjgl4#^Si/y 3V«ffi^ri^*^) 
8 0 0'CJ&!,V<^NH3#HSC-eSRil^kL-CA»e, L P C V 
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-rHo 

#ffi^<Ol«WfflSi?:i: 7 5 O'Cwifefkflfttoag^W:!^ 

in 3 1 *%SJO|li£0lJl{Z±oT1'^fi)<;$nySiDRAM 
w ^ y -feyi'gB<0»f SfllitElo 
[04 1 *^?g(^|IJS0iJ llCj;o-C{'^fi6;$4xfeDRAM 

[1115] S«i^ft:i*i:LPCVD!£twJ;oTfl^figLfc->y 
='>'^fkJK, )®^=-e*i«&JcJ;oTfl?figL7tA I jOg 

— i'WofE (T'U— KfB!|{c+ 1 V(0®E$:EniP^) 

me] ^^{tffii:LPCVDfet::<toTJ^j5S;L:t->y 

='>'^'fkK!co(,^r. mtm^t 8 0 ot;-e5 5>(75g?-fb 

SiMS^<^S i 2 PS^-cox4^3fe1li=-^'<^' h/i'SrJtt!? 
LTtlHo 

[117] LPCVDffi{;J:oT?^fiS:Lfc'>y a^-^ftffll 
T. • y -i'«0it<omEtt#14^T%Lfc|gIo 

[IS 8] 5:®sft^'>'^?-'U:^-v'/^->^'<75y — ^igoftiiflt^r 
IftBJi-5E!o 

[119] ^^^<->^(nmJL^mt 1 t'-y Nfefct? 2 5 f 
-li' htbroBS^STT^-Mlo 

[?9^WSftBJ] 
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